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157] ABSTRACT

Light tuel o1l of low viscosity is supplied to a pressure

atomizing o1l burner. A flow heater which is positioned
upstream of the pressure atomizing nozzle, preheats the
fuel oil to a temperature of approximately 150° C. but
not over the coking and cracking temperature of the
fuel. With heat efficiencies up to approximately 25,000
kcal/hour density and viscosity are continuously de-
creased in the filow heater in order to reduce the thick-
ness of the oil film leaving the atomizing nozzle and thus
to decrease the flow rate.

With heat efficiencies higher than approximately 25,000
kcal/hour density and viscosity are decreased before

the 1gnition phase by preheating, in order to reduce the
thickness of the oil film flowing out of the atomizing

nozzle and thus to decrease the flow rate in the follow-

ing ignition phase. After the ignition phase the preheat-
ing 1s reduced or stopped.

3 Claims, 11 Drawing Figures
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OlL BURNER

This 1s a division of application Ser. No. 851,478 filed
Nov. 14, 1977, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pressure atomizing
oil burner, which atomizes light fuel of low viscosity
(below 12 centistoke at 20° C.) below the coking and
cracking temperature of crackable components, as well
as to processes for operating the o1l burner.

2. Description of the Prior Art

Conventional oil burners frequently use the pressure
atomizing principle. In this case the fuel oil is supplied
to the pressure atomizing nozzle by a pump at a pressure
of 10-14 bar. This pressure atomizing nozzle has a swirl
chamber into which the fuel i1s fed by tangential chan-
nels so that it rotates in the swirl chamber and leaves it
as an atomizing oil film. |

For this kind of atomizing and only when using heavy
or medium fuel of high viscosity, it has been usual to
preheat the fuel before atomization in order to reduce

viscosity and to make pressure atomization possible at -

all. For o1l burners of the above-mentioned kind which
burn hight resp. and superlight fuel oil, this preheating
has not been necessary since light fuel oil, at room tem-
peratures, substantially lower viscosity than considera-
bly preheated medium or heavy fuel and its use for

operating the conventional relatively powerful pressure

atomizers has been satisfactory. The desired burner
capacity i1s determined by the size of the atomization
nozzle. Especially in the case of low burner capacities
which have only lately been requested and whose flow
rate is less than 2 kg/h difficulties concerning the qual-
ity of combustion and reliability have arisen. These
difficulties are due to the necessarily small cross-section
of the nozzles used, since these nozzlee may easily cause
problems due to solid components of the fuel that may
deposit at the inside walls of the outlet. The necessarily
small cross-sections of the nozzles show a strong ten-
dency to cause deterioration. in atomization which
could not completely be counter-balanced in spite of
considerable pressure increase. In June 1977 these diffi-
culties were still discussed in the German technical
journal **Ol- und Gasfeuerung”, for example, and 1t was
decided that oil burners operated by the pressure atom-
1zer process were not possible for low capacities and
that different burning techniques by means of superson-
1cs and the like, would have to be applied.

Different kinds of oil burners with gas atomizers
could not help in overcoming the above-mentioned
difficulties. Gas atomizers are known which preheat the
fuel oil to temperatures of over 300° C. before combus-
tion in order to achieve évaporation and stoichiometric
combustion. For such vaporizing gas burners very ex-
pensive and powerful heating devices are necessary.
The essential disadvantage, however, is the fact that the
fuel oil must be heated to a far highter temperature than
the coking or cracking temperature which is usually
about 150° C. The thus produced tailings clog the heat-

ing device and occasionally the nozzle as well, so that

this kind of oil burner cannot overcome the above-men-
tioned disadvantages, either.
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2
SUMMARY OF INVENTION

it 18, therefore, an object of the present invention to
produce a pressure atomizing oil burner for light fuel as
well as to find a process for its operation which guaran-
tees high combustion efficiency and reliability for low
burner capacities. It 1s a further object of the present
invention to improve the starting properties of pressure
atomizing oil burners for light fuel of low viscosity also
1n the case of hlgher burner capacities.

The invention 1s based on an oil burner whlch atom-
izes fuel oil of low viscosity which is below the coking
and cracking temperature of crackable components and
provides a flow-heater which 1s positioned upstream of
the atomizing nozzle to preheat the fuel oil to a temper-
ature of up to 150° C.

An oil burner of the above-mentioned construction
allows a variety of new and advantageous fields of
application. A preferred process for the operation of

- this oil burner for heat efficiency up to 25,000 kcal/h is

characterized in that the viscosity and density of the

light fuel are continuously reduced in the flow-heater

by a pre-set rate, whereby the flow-rate by weight is
decreased as compared to the flow-rate of an atomizing
nozzle of the same cross-section supplied with unheated
fuel oil.

The thus impmved atGH‘llZIHg quality which is due to
the reduced viscosity has the further advantage that the
fuel o1l can be supplied from as low a pressure as 2.5 bar
and over, whereby a reduction of the flow-rate of up to
approximately 60% is achieved.
~ The oil burner according to the present invention
allows a process of combustion in which, for example,
an atomizing nozzle which is designed for a flow-rate of
0.6 gallons/hour of unheated fuel can be operated by
means of less heat efficiency, i.e. by a lower flow-rate of
fuel per hour, than conventional nozzles which are
designed for a flow-rate of 0.4 gallons/hour of unheated
fuel. This means that by means of the oil burner accord-
ing to the present invention lower burner capacities per
hour can definitely be achleved than seemed to be possi-
ble up to now even in the case for extremely small
cross-sections of the atﬂmlzing nozzle. This has the
advantage that a nozzle which is dimensioned for a
tlow-rate of 0.6 gallons/hour of unheated fuel will be
less effected by clogging and defects and that the atom-
1zing quality will substantially be improved because of
the reduced viscosity. This fact is of further lmpmtance
with regard to the cost of maintenance and service. As
the feed pressure of the light fuel, which is necessary for
an tmpeccable atomizing, can be considerably reduced
because of the improved atomizing quality, a substantial
reduction of the combustion noise is achieved in addi-
tion to the subsequent and further reduced flow-rate.
This advantage naturally also remains in the case of
burner heat efficiencies which are higher than the one
mentioned above since a correspondingly bigger nozzle
can be chosen for the same heat efficiency.

It 1s a further advantage of the pre-heating of the light
fuel, according to the present invention, that variations
of the external temperatures which, up to now, consid-
erably changed the temperature of the supplied fuel and
consequently its viscosity, which subsequently caused
considerable variations in the fuel-air-ratio and in-
creased soot-deposit in the oil burner, have practically
no more effect, because of the logarithmic temperature-
dependent viscosity.
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A preferred process for starting an oil burner for
burner capacities of above 25,000 kcal/h is character-
ized in that a heating device reduces viscosity and den-
sity of a part of the oil by preheating it to a preset tem-
perature. After reaching this temperature the ignition
phase, and thus atomization, starts, whereby the flow-
rate by weight in this ignition phase is decreased as

compared to the flow-rate of an atomizing nozzle of the
same cross-section, supplied with unheated fuel oil. This

process according to the present invention for starting
an o1l burner of greater heat capacity, allows a start
which is substantially free of soot and excess pressure
due to the initially lower fuel supply and improved
atomizing. After the ignition-phase the flow-rate
through the atomizing nozzle can be increased by re-
ducing the pre-heating temperature. -

It is advantageous if the flow-heater is positioned
upstream adjacent the atomizing nozzle. It is of further
.advantage for the atomization if the fitting of the atom-
izing nozzle, the oil feeding pipe and the heating ele-
ment form a connection of good heat-conducting char-
acteristics. Thereby the atomizing nozzle, too, is al-
ready pre-heated. -

It is also advantageous if the flow-heater has a prefer-
ably cylindrical heating element whose outer surface is
surrounded by the oil-feeding pipe. In this embodiment
the heating element is preferably surrounded by a block
of good heat-conducting characteristics in which the
oil-feeding pipe and a fitting for the atomizing nozzle
are provided. Another preferred embodiment provides
that the oil-feeding pipe is formed by recesses in the
good heat-conducting block and at the interface with
the heating element. It is furthermore preferred that the
oil-feeding pipe forms a spiral around and in the longitu-
dinal direction of the heating element. In this case the
heating element is preferably shrinkfit into a bore of the
block. -

- Particularly in the case of greater burner capacities it
is of advantage if the oil-feeding pipe is an oil-bath sur-
rounding the heating element.

It can be of further advantage if the oil-feeding pipe
in the flow-heater has an inner surface which is enlarged
by grooves or raised portions. |
It 1s of further advantage if the flow-heater is pro-

vided with a thermostat which controls the source of

energy of the heating element. Thereby a cold-start
locking device can advantageously be provided which
blocks the oil supply to the atomizing nozzle and oil-
flow out of the nozzle by means of the thermostat be-
fore the pre-set temperature has been reached.

‘The various features of novelty which characterize
the mmvention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operat-
ing advantages and specific objects attained by its uses,
reference 1s made to the accompanying drawings and
descriptive matter in which preferred embodiments of
the invention are illustrated. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show side views of preferred embodi-
ments of an oil burner partly in section, with an inte-
grated flow-heater according to the invention,

FIG. 3 shows a fractional sectional view of the atom-
1zing nozzle and the behaviour of the oil film which is

flowing out,
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FIG. 4 shows a variant of an o1l burner in which the
oil-feeding pipe is an oil-bath surrounding the heating
element,

FIGS. 5 and 6 are schematic views of further embodi-
ments of the invention, with FIG. 6a being a cross-sec-
tion of an element of FIG. 6,

FI1G. 7 shows the temperature-dependent viscosity of
a normal light fuel,

F1G. 8 shows the pressure to flow-rate dependency
of different, conventional atomizing nozzles at different
oil temperatures, |

FI1G. 9 1s a pressure to flow-rate diagram for an atom-
1zing nozzle at different oil temperatures and pump
pressures, and

FIG. 10 shows the dependency of the flow-rate by
weight on the temperature for two nozzles of different

dimensions.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS AND
PROCESSES

FIG. 1 shows a partial cross-sectional view of an oil
burner with integrated flow-heater. It consists substan-
tially of a good heat-conducting block 6 which com-
prises an electric resistance-heating element in a central
bore at its rear end and a nipple-type fitting 3 for the
atomizing nozzle 1, at its front end. The block 6 has,

furthermore, an oil-feeding pipe 4, which forms a longi-

tudinal spiral around the heating element 5 and which
ends tangentially in the fitting 3 for the atomizing noz-
zle. The block 6 can preferably be formed by coating a
spirally wound copper pipe, which forms an oil-feeding
pipe, with aluminium or a similar material. Further-
more, a thermostat 9 is provided on the block 6.

In FIGS. 2 to 6a, similar numbers with primes are
used to signify similar parts as in FIG. 1.

FIG. 2 shows a variant of the oil burner. The electric
heating element §' is preferably cylindrical and fitted
into a good heat-conducting block 6’ which 1s, for ex-
ample, made of a brass tube. The oil-feeding pipe 4’ 1s
formed by recesses 7, which form a longitudinal spiral
around the heating element &, at the interface between
the heating element &' and the block 6', said pipe 4’ thus
ends tangentially in the fitting 3’ for the atomizing noz-
zle which belongs to the front end of the block 6'. The
cost of production for such flow-heaters is extremely
low, as the heating element 8’ can be shrinkfitted in a
leak-proof manner into the block 6'. Due to a good
heat-conduction on the entire surface of the recesses 7,
a high specific heat transfer to the fuel oil is achieved.

FIG. 3 shows a sectional view of a known pressure
atomizing nozzle 1. It comprises a nozzle cone 10, a
nozzle plate 13 with an outlet bore 14 and the feeding
slots tor the oil which are tangentially directed towards
the swirl chamber 11. Due to this tangential oil supply
the o1l makes a rotary motion in the swirl chamber 11

‘and leaves the outlet bore 14 as a thin oil film 15 which

approximatively lies on the surface of a cone. This fig-
ure illustrates that an air core 16 1s already formed in the
outiet bore 14 of the atomizing nozzle due to the rota-
tion of the oil film. This air core and the thickness of the
oil film, in particular, is to a great extent influenced by
the viscosity of the supplied oil. This fact can cause a
change of the atomizing and combustion quality.

The embodiments of the invention illustrated in
FIGS. 1 and 2 are particularly suitable for carrying out
the new combustion process in the case of burners with
a yellow combustion flame and low capacities.




S

FIG. 4 shows a schematic view of an oil burner
which is suitable for the new starting process for oil
burners with greater capacities. The oil-feeding pipe is
an oil-bath 8 which surrounds the heating element 5.
This oil-bath is connected with the fitting 3" for the
pressure atomizing nozzle 1” by means of a connecting
pipe having a closing valve 18. The oil-bath 8 is fed
from an oil pump by means of a fuel conduit 17. Fur-
thermore, a thermostat 9’ and the oil-bath 8 form a good
heat-conducting connection. The oil burner illustrated
- 1 FIG. §, which is equally suitable for great capacities,
also has an electric heating element 5"’ which is spirally
surrounded by the oil-feeding pipe 4’ from the rear end
to the front end and back again to the rear end and by
a good heat-conducting block 6'’. Moreover, the run-
back end of the oil-feeding pipe 4 is connected with
the fitting 3"’ and the atomizing nozzle 1’ by means of
electrovalve 18'. Thereby a flowing out of the fuel oil
from the nozzle is avoided during pre-heating, since the
thermostat, as a cold-start locking device, releases the
electrovalve 18’ only after the desired pre-heating tem-
perature has been reached. A thermostat 9’ which is
connected with the flow-heater by means of a capillary
tube 19 1s furthermore provided.

F1G. 6 shows a particularly simple embodiment. The
heating element 5 is in this case a collar which en-
closes the oil-feeding pipe. In order to achieve a satis-
factory heat transfer over a small mounting space, the
oil-feeding pipe 4" has longitudinal grooves and raised
portions on the inside in order to enlarge the surface.

The above-described embodiments are well suitable
for the new processes of combustion for fuel oil of low
viscosity (as low as 12 Centistoke at 20° C.). FIG. 7
tllustrates the temperature-dependent viscosity of such
an oil. This ol has, for example, a viscosity of 1.7° E. at
a temperature of 10° C., whereas the viscosity drops to
approximately 1° E. if the fuel oil has been pre-heated to
a temperature of 110° C. Moreover, the density de-
creases and, thus, the volume of the fuel oil is increased
by pre-heating. FIG. 8 is a diagram of the pressure
flow-rate of a number of pressure atomizing nozzles
which are designed for different flow-volumes per hour
for unheated oil. This diagram illustrates that very high
pressure is required to obtain impeccable atomizing
quality, particularly in the case of small flow-volumes.
when unheated oil, for example at about 10° C., is sup-
plied. For this reason conventional oil burners need, for
example, for a flow of 1.8 kg per hour of unheated fuel
oil, an atomizing nozzle which was designed for 0.4
gallons/h at an operating pressure of about 14 bar. By
using the oil burner according to the invention, a pres-
sure atomizing nozzle which is designed for 0.75 gal-
lons/h of unheated fuel oil can be used for said flow of
1.8 kg/h if the fuel oil has been preheated to a tempera-
ture of about 110° C. before being atomized and an
operating pressure of about 4 bar already guarantees
sufficient reliability. The same characteristics occur in
the case of all other cross-sections of the nozzle. As
already mentioned, the preheating according to the
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ability because of the relatively bigger cross-section of
the nozzle, but also reduces noise substantially because
of reduced pump-pressure.

FIG. 9 illustrates the advantages of the measures

according to the present invention. In the case of a 65

constant pump pressure of 10 bar the flow per hour for
a pressure atomizing nozzle, which is designed for 0.5
gallons/h, drops from 1.92 kg to 1.57 kg if the oil is

6 |
heated from 10° C. to 110° C. This corresponds to a
tflow reduction by weight of 18.3% and is the result of
certain factors, as volume is increased, viscosity is de-
creased, the air core is increased due to the fast rotating
movement in the swirl chamber of the atomizing nozzle
and the thickness of the outflowing oil film is reduced.
Due to the improved atomizing quality which has been
obtained by preheating to 110° C., it is possible to re-
duce pump pressure from 10 bar to 4 bar. Thereby the
tlow per hour is further reduced from 1.57 kg to 0.97 kg
which corresponds to a reduction of further 31.2%.

A total flow reduction of 50% can be observed. Thus,
it is possible to use a far more reliable pressure atomiz-
ing nozzle which is designed for 0.75 gallons/h instead
of an atomizing nozzle which is designed for 0.4 gal-
lons/h of unheated fuel oil. e

F1G. 10 shows diagrams of the temperature flow-rate
by weight for two further different pressure atomizing
nozzles at relatively high operating pressures. With
these nozzles the flow-rate by weight per hour is con-
siderably reduced and atomizing is at the same time
considerably improved. It is a further advantage of the
oil-preheating according to the present invention that
variations of the external temperatures which consider-
ably changed the temperature of the supplied oil and
thus its viscosity, and which caused again substantial
changes of the air-fuel-ratio in the oil burner, are practi-
cally no longer of any consequence because of the loga-
rithmic temperature-dependent viscosity. This fact can
be illustrated in the diagram of FIG. 7 which shows that
a temperature decrease from 20° C. to 10° C. caused a
change of viscosity of 15%, whereas, for example, a
temperature decrease of 10° C. caused a change of vis-
cosity of 2.8% when the oil was preheated to 100° C. If
preheating is controlled by a thermostat, changes of
viscosity can be completely avoided.

The present invention has further substantial advan-
tages with regard to conventional oil burners that so far
seemed to give satisfactory combustion of hourly oil
tlow-rates of about 2.5 kg and over.

This is caused by the fact that in the case of conven-
tional oil burners, which usually run over a short per-
lod, the atomizing nozzle is supplied with oil of rela-
tively high viscosity during the starting process because
of the cooling-off during stopping periods, and by the
fact that the subsequent heating causes a change of the
fuel-air-ratio and thus causes substantial soot deposits.
The present invention avoids this disadvantage espe-
cially by using a new operating process which can pref-
erably be carried out by means of the embodiment of
the oil burner as illustrated in FIG. 4. Thereby vViSCosity
and density of the fuel oil are reduced by preheating
before atomizing. When the desired preheating temper-
ature has been reached valve 18 can be opened by
means of thermostat 9’ so that during the subsequent
ignition-phase the fuel oil flows out of the atomizing
nozzle at a lower flow-rate by weight than the cross-
section of said nozzle would allow if unheated oil were
supplied. Thus heavy soot depositing during the start-
Ing process can be avoided, as it is the case with conven-
tional oil burners. Pressure excess during starting opera-
tions can extensively be avoided also. Once the oil
burner has been started, it is possible to increase the
tlow-rate by weight to the desired burner capacity pref-
erably by reducing or completely stopping the preheat-
Ing.

If the heating element is suitably dimensioned, the
desired weight increase can be achieved merely by the
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fact that the oil temperature drops after the opening of

locking valve 18.

A further number of operating processes for o1l burn-
ers, that is of different. variants of o1l burners, which are
adapted to operating requirements, are naturally possi-
ble without leavmg the SCOpe of the present invention.
- I claim: |

1. An oil burner comprising, a pressure atomizing
nozzle having a swirl chamber and rated for usual flow

5

rates of 0.4 to 0.85 gallons per hour, a pressure supply of 10

light fuel oil having a viscosity of about 12 centistoke at
20° C., and lower connected to said atomizing nozzle
swirl chamber, a flow heater connected to said atomiz-
mg nozzle upstream of said swirl chamber for preheat-
ing the fuel oil to a temperature of up to 150° C. and
below a coking and cracking temperature of the light
fuel oil, said flow heater comprising a cylindrical heat-
ing element having a cylindrical outer surface, an oil
feeding pipe surrounding said cylindrical heating ele-

15
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ment, a fitting connected to said atomizing nozzle, said
oil feeding pipe connected to said fitting, a block of
good heat conducting material pressing against the
outer surface of said cylindrical heating element and
said fitting for establishing a thermal connection there-
between, said oil feeding pipe defined in the form of a
helical recess at the interface of said block and said
heating element, said cylindrical heating element being

shink fitted into a bore of said block, whereby said

atomizing nozzle can burn llght fuel oil at lower flow
rates than that for which it 1s rated. |

2. Qil burner according to claim 1, wherein a thermo-
stat is connected to said flow-heater for controlling the
energy supply of said heating element. |

3. Oil burner according to claim 2, wherein said ther-
mostat controls a cold-start locking device for blocking

“the oil flow out of said atomizing nozzle below a preset
- temperature.
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